We examined whether access to US-approved orphan drugs in Canada has changed between 1997 (when Canada chose not to adopt an orphan drug policy) and 2012 (when Canada reversed its policy decision). Specifically, we looked at two dimensions of access to US-approved orphan drugs in Canada: (1) regulatory access; and (2) temporal access. Whereas only 63% of US-approved orphan drugs were granted regulatory approval in 1997, we found that regulatory access to US-approved orphan drugs in Canada increased to 74% between 1997 and 2012. However, temporal access to orphan drugs is slower in Canada: in a head-on comparison of 40 matched drugs, only two were submitted and four were approved first in Canada; moreover, the mean review time in Canada (423 days) was longer than that in the US (mean = 341 days), a statistically significant difference ( T
Introduction
The term "orphan drug" is generally used to refer to pharmaceutical interventions that target one or more rare diseases. The threshold of rarity varies by jurisdiction; more recent orphan drug policies have utilized incidence-based definitions of rare disease (e.g., disease occurring in five or fewer persons per 10,000) (Herder 2013; Panju and Bell 2010) . The term orphan drug can also encompass drugs targeting more prevalent diseases for which research and development (R&D) is considered commercially unviable, for instance, because a disease disproportionately affects an impoverished population. But since the US first enacted its Orphan Drug Act in 1983 and other jurisdictions followed suit, very few orphan drugs targeting such "neglected diseases" have been developed. In contrast, hundreds of orphan drugs geared towards rare diseases have been approved for sale (Herder 2013) .
In 1997, Canada' s drug regulator determined that there was no need for an orphan drug policy. In 2012, Canada' s Minister of Health reversed that decision, announcing plans to develop an "orphan drug framework" (Health Canada 2012a) . What precisely lies behind this policy shift is not known, but several factors are likely in play. First, the pharmaceutical industry' s interest in developing drugs for rare diseases is clearly greater now than it was in the late 1990s; such orphan drugs account for an increasing proportion of all drugs approved by the US Food and Drug Administration (FDA) (Coté et al. 2010; Wellman-Labadie and Zhou 2010) . Second, the Canadian Organization for Rare Disorders (CORD) came to increasing prominence in the early 2000s, urging federal policy reform (Embrett 2014) . Third, Health Canada has an interest in harmonizing its regulatory policies with other influential jurisdictions owing to expectations from industry as well as pressure from its main trading partners in the US and Europe (Lexchin 2012a) . What is not known is whether access to US-approved orphan drugs in Canada, measured in terms of the number and timing of regulatory approvals, changed between 1997 and 2012 when Canada changed policy directions.
Policy context
The US Orphan Drug Act of 1983 created a specialized regulatory pathway for therapeutic drugs targeting diseases that occur in 200,000 or fewer persons in the US, and established a variety of market-based incentives (e.g., tax credits, seven-year market exclusivity upon regulatory approval) to encourage orphan drug R&D. Several other jurisdictions have followed suit, including Japan (1993), Australia (1997) and Europe (2000) . The precise details differ across jurisdictions. But the US-led, two-part model of a specialized regulatory pathway plus market-based incentives has been consistently emulated on the strength of the assumption that such a model will spur orphan drug R&D (Herder 2013) .
In 1996-1997, Health Canada' s Food and Drugs Directorate assessed whether an orphan drug policy was needed in Canada (Health Canada 1997) . The Directorate examined whether the orphan drugs that had been approved by the US regulator (the FDA) since the adoption of the Orphan Drug Act in 1983, had also been approved for sale in Canada (albeit without a formal orphan drug designation). The Directorate determined that a clear majority of the US-approved orphan drugs were also available in Canada. In total, 63% of all of the orphan drugs approved between 1983 and 1997 in the US had also been approved in Canada. And, of the remaining US-approved orphan drugs that had not yet received Canadian approval, most were available through the "Emergency Drug Release Program" -a program that was shortly thereafter replaced by the "Special Access Program" (which still exists today). Those programs allow physicians to apply, on a case-by-case basis, for access to unapproved drugs in order to address the needs of patients who have exhausted available treatment options (Health Canada 1997) .
Although the drugs approved in Canada did not always "correspond with the indication for which the drug received its Orphan Drug designation in the US," (Health Canada 1996: 17-18) , the Directorate noted that medical "practitioners involved in the treatment of patients with rare diseases are aware of research in their area of expertise" and thus are able to prescribe drugs approved for use in Canada for unapproved orphan indications (Health Canada 1996: 18) . In this regard, off-label prescribing is reported as widely used by Canadian medical practitioners in treating rare diseases (SSCSAST et al. 2014) .
Finally, the Directorate argued that its priority review program and (then proposed) conditional licensing program (later implemented in 1998) provided two mechanisms "for faster access to drugs, including [o] rphan [d] rugs, which treat life threatening conditions for which no other therapy exists " (1996: 18) . Given the availability of US-approved orphan drugs in Canada and these existing mechanisms to spur orphan drug R&D, the Directorate recommended: The 1997 decision not to follow the US policy lead was, however, met with strong criticism from rare disease patients. By 2000, the CORD (originally formed in 1996) had brought 150 small rare disease associations together under its umbrella (Embrett 2014) . CORD gained increasing profile through the 2000s and advocated strongly for policy change at the federal, as well as provincial/ territorial levels of government. For several years, however, federal policy makers remained silent.
Policy change
To CORD' s relief (Wong-Rieger 2013: 20) , in October 2012, the federal government announced plans for an orphan drug framework. A 2012 "Initial Draft Discussion Document" produced by Health Canada' s Office of Legislative and Regulatory Modernization (OLRM) soon surfaced online (OLRM 2012) . The Discussion Document explains that the objective of the "new" proposal" is to establish a comprehensive framework that will provide access to orphan drugs for Canadians without compromising patient safety (OLRM 2012: 4) , and outlines some of the framework' s potential parameters. First, the Discussion Document suggested that in order to qualify as an orphan drug, the drug must:
• [be] intended for the diagnosis, treatment, mitigation or prevention of a life-threatening, seriously debilitating, or serious and chronic disease or condition affecting not more than 5 in 10,000 persons in Canada; and • not [be] currently authorized by the Minister or if currently authorized, it will provide a potentially substantial benefit for the patient distinguishable from the existing therapy (OLRM 2012).
Second, the Discussion Document noted that while a number of incentives would, by virtue of the above definition, be available to orphan drugs, including expedited reviews and data exclusivity for "innovative therapies," no additional market exclusivity akin to the specialized exclusivity for orphan drug indications provided in other jurisdictions would be put into place as part of Canada' s orphan drug framework.
However, more than three years after the framework was announced, Health Canada has yet to share any concrete details. Health Canada has stated that it will implement the orphan drug framework by creating a new division in the Food and Drug Regulations specifically focused on orphan drugs (personal communication with MH). With the passage of Bill C-17 in November 2014 -a key piece of patient safety legislation that includes a number of provisions that could be important in the orphan drug context -those new regulations are anticipated soon.
In the meantime, in this paper, we seek to explore what motivated the policy change in favour of a Canadian orphan drug framework. Specifically, we assess whether Health Canada' s stated rationale for not pursuing an orphan drug policy in 1997 still held in 2012. No mention of Health Canada' s 1997 policy analysis or countervailing data was included in the 2012 announcement; our research here is intended to fill in this gap.
Methods
We carried out a retrospective comparison between orphan drugs approved by the FDA during the period 1997-2012 and market authorizations of the same drugs (although not designated as orphan drugs per se) by Health Canada.
Our retrospective comparison was based primarily on publicly available information obtained from the websites of the FDA and Health Canada. We began by searching the FDA website page for orphan drug designations and approvals. Limiting our search to 1997-2012 and setting the search results to "Only approved products", we retrieved the records of all US orphan drug approvals along with key information related to each drug, including orphan drug designation date, approval date, orphan drug designation(s), generic drug name and drug trade-name. Many orphan drugs were approved for multiple orphan drug indications during the time frame under investigation.
A research assistant (a professional pharmacist) then went to the "Health Canada Drug Products Notice of Compliance (NOC) Online Query" website and searched for each unique US-approved orphan drug (using the FDA-generated generic name as the search term for "Medicinal Ingredient") in the Health Canada NOC database. If a drug with the same generic name had been approved by Health Canada, the NOC database yielded similar information as the FDA website, including the drug' s trade name and Canadian market authorization date. For a subset of drugs approved in Canada and identified through the NOC database, Health Canada' s website also provided a hyperlinked "Summary Basis of Decision" (SBD) containing further information about the drug in question. Most importantly, the SBD provided the date upon which the drug' s manufacturer formally submitted its drug for review and potential market approval from Health Canada. This enabled us to calculate review times for each drug approved in this subset of drugs.
We repeated this process of searching Health Canada' s NOC database for each orphan drug approved by the FDA during 1997-2012. We used the assembled data to develop two points of comparison: (1) regulatory access, i.e., whether the US-approved orphan drugs were granted regulatory approval in Canada and, if so, whether that Canadian approval was for the same orphan indications; and (2) temporal access, i.e., when US-approved orphan drugs also available in Canada were granted regulatory approval by Health Canada, and the length of the time frame in which the Canadian regulatory reviews occurred as compared to the duration of the US review for a subset of 40 drugs with matched orphan indications. The size of this head-on comparison was limited to 40 because Health Canada only creates SBDs for a subset of its regulatory decisions (Health Canada 2012b). In our case, only 33 had an accompanying SBD that made the Canadian submission date publicly available on the Health Canada website. In an effort to expand our head-on comparison, we contacted two researchers who had recently published a study of drug approval times (Shajarizadeh and Hollis 2014) . Those researchers obtained submission data by directly contacting Health Canada (and other drug regulators). The researchers shared their submission data with us; however, because their study was not focused specifically on orphan drugs, we were only able to identify seven additional orphan drugs with matched US-Canada indications that we did not already have submission date data for. Figure 1 uses one drug (sorafenib) to illustrate the various dates (i.e., orphan drug designation, date of submission and approval) that we collected for each drug in our sample.
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Results
Regulatory access
Of the 278 orphan drugs approved by the FDA during 1997-2012, 206 (or 74%) received at least one market authorization in Canada (see Figure 2 for a year-by-year comparison of approvals). The majority of those drugs (150 of 206, or 73%) were approved for the same indication as the corresponding US orphan drug.
Temporal Access
We performed a head-on comparison of total days in review before full approval was granted for US-approved orphan drugs versus those same drugs as approved between 1997 and 2012 by Health Canada for the same indications. Consistent with the findings of Shajarizadeh and Hollis (2014) , only two drugs in our head-on comparison were submitted to Health Canada prior to being submitted to the FDA. Similarly, only four out of those 40 drugs received Canadian regulatory approval before US approval. Thus, delays in access to orphan drugs in Canada were, in part, due to when manufacturers submitted the relevant drugs for regulatory review to Health Canada as compared to when they submitted to the FDA.
Temporal access also depends on the length of regulatory reviews. As shown by Table 1 , Health Canada' s review times (i.e., the number of days between submission and approval) are almost always longer than the FDA' s for the sample of 40 drugs that we were able to examine. The mean review time for the FDA was 341 days (standard deviation [SD] = 259) versus a mean of 423 days (SD = 219) for Health Canada, representing a 19% faster review rate in the US. This difference of, on average, 82 days between the review times in the two jurisdictions is statistically significant (t[39] = 2.04, p = 0.048), although only at the p < 0.05 level. (The seven drugs for which SBDs were not available did not have a statistically different mean review time than the 33 remaining drugs.) It is important to note that the time lag between when a drug is designated by the FDA as an orphan drug and the date of market approval is substantially longer (mean = 1,285 days; SD=881) than the average review time in the US of 341 days. Manufacturers often sponsor further studies of a drug after receiving an orphan drug designation before the evidence is submitted to the regulator. As a result, orphan drugs are typically in the US system (i.e., from the time of designation as an orphan drug through to market approval) approximately three times as long as the period of review, from submission to approval, in Canada. It stands to reason that if Canada were to follow the US model and adopt a regulatory pathway, specifically for drugs targeting rare diseases as orphan Some Numbers behind Canada' s Decision to Adopt an Orphan Drug Policy: US Orphan Drug Approvals in Canada, 1997 Canada, -2012 Generic name US
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Number of days from designation to approval, US drugs, this might serve to expedite the review process from submission to approval in Canada. However, this would often occur only after a considerable period of back and forth between the regulator and manufacturer over the orphan drug designation and the evidence required for submission on the front end of that review.
Discussion
Interpretation of key findings
By Health Canada' s estimate, 63% of orphan drugs approved in the US by 1997 were available in Canada at that time; in contrast, our findings demonstrate that this percentage of regulatory access grew to 74% during 1997-2012. Although a sizeable number of these approvals (56 of 206) were not for the same orphan indication approved by the FDA, as in 1997, Canadian medical practitioners still have the ability to prescribe such drugs off-label to treat the rare diseases in question, at least in instances where the drug' s dosage could be adjusted without unduly compromising patient safety or prescription adherence. This finding suggests that the rationale the government invoked to decide against enacting an orphan drug policy in 1997 still held when it reversed its position in 2012. It is plausible that the timing of drug approvals lies behind the federal government' s decision in 2012 to develop an orphan drug policy. Indeed, nearly all of the drugs we examined entered the Canadian market after the US market. Thus, there is likely pressure to harmonize Canada' s regulatory framework with that of other major jurisdictions, most notably the US and Europe. Health Canada officials stated at a CORD meeting held in late 2013 that, once Canada' s orphan drug regulations are in place, manufacturers will be able to electronically submit essentially the same package for review as that which is submitted to the FDA. In theory, this will position Health Canada to review the file in lock-step with the FDA, and make a decision about market approval within roughly the same time frame. Therefore, the goal of making it simpler for companies to file a submission to Health Canada creates an incentive to mirror the US orphan drug policy.
However, our findings complicate this rationale. We found a significant difference not just for when drugs were approved in the US versus Canada, but also in terms of how long reviews took in the US versus Canada. In our sub-sample of 40 US-approved orphan drugs that were approved for the same indication in Canada and for which the submission date data were available, review-for-approval times were 19% faster in the US than in Canada. This suggests that achieving comparable temporal access to orphan drugs may be more complex than facilitating submission of a drug file to Health Canada contemporaneously with submission to the FDA. Health Canada does not have the same resources at its disposal as the FDA. Unless Health Canada intends to simply rubber stamp FDA approvals, there is no guarantee that decisions will be made simultaneously.
Moreover, aiming to synchronize orphan drug approvals with the FDA discounts the potential advantages of delayed market entry in terms of patient safety. We suspect that the longer average review times we observed for the 40 drugs in our comparative sub-sample were due not only to differences in terms of its available institutional resources, but also to the fact that more safety and effectiveness data flowing from use of the drug in the US would have been part of the package Matthew Herder and Timothy Mark Krahn submitted to Health Canada. Within our sample, it should be noted that Health Canada issued a number of notices of non-compliance and deficiency notices owing to a variety of quality, safety and efficacy issues. More specifically, for the 33 drugs with SBDs available, Health Canada issued:
1. seven screening deficiency notices; 2. six notices of non-compliance, including concerns related to quality, safety and efficacy and adequate communication of risks; and 3. two notices of deficiency, citing safety issues.
It is plausible that these issues noted in the SBDs explain the longer review times we observed with Health Canada.
While rare disease patients desire timely access to orphan drugs, knowledge about the safety and effectiveness of such drugs tends to be limited at the time of market approval. Owing to the small number of patients afflicted with a given rare disease, "alternative trial designs" (e.g., lacking randomization and blinding) are frequently employed in pre-market studies, which "can lead to identifying benefits that are not real or missing risks that are" (Kesselheim and Avorn 2011: 1546) . In addition, drugs that address unmet patient needs, which orphan drugs should target almost by definition, are usually fast-tracked through review by regulators. Yet fast-tracked drugs have been shown to have a significantly higher incidence of post-market safety warnings than regularly reviewed drugs (Graham and Nuttall 2013; Lexchin 2012b) . Accordingly, attempting to parallel FDA decision-making in real time may cut out from the review process access to added safety and effectiveness information that Canadian rare disease patients might otherwise benefit from.
Limitations
There are three main limitations to our study. First, a significant percentage of orphan drug access in Canada depends on physicians' ability to prescribe off-label. Little information about the extent of such off-label prescribing is currently available in Canada; more knowledge about off-label prescribing is needed to understand the level of access to rare disease therapies. Second, our comparison of temporal access to orphan drugs was limited to a relatively small number of drugs (n = 40) for the reasons stated above. Third, Health Canada' s assessments referenced by the federal government' s policy decision against adopting an orphan drug policy in 1997 did not include information about comparative timely access to US-approved orphan drugs between the two jurisdictions up until that point of time. Thus our analysis of this dimension is limited to inter-regulatory comparisons for the time period of 1997-2012 and does not include intra-regulatory comparisons between Health Canada' s average review times of US-approved orphan drugs up to 1997 versus after 1997 up to 2012.
Conclusion
We have attempted to measure access to US-approved orphan drugs in Canada in terms of the number and timing of regulatory approvals by Health Canada for the period of Some Numbers behind Canada' s Decision to Adopt an Orphan Drug Policy: US Orphan Drug Approvals in Canada, 1997 Canada, -2012 1997-2012. On the one hand, regulatory access seems to have moderately improved since 1997. On the other hand, temporal access remains a challenge in Canada. In a subset of drugs approved for the same orphan indication(s) in both jurisdictions, most of these drugs received regulatory approval in the US before Canada, and review times were, on average, longer in Canada. This could be a contributing factor to Canada' s shift towards an orphan drug policy in 2012. However, we suspect that other factors, including a desire to harmonize regulatory pathways with US and European regulators (which have orphan drug laws in place), industry' s steadily increasing interest in developing orphan drugs, and the influence of patient groups such as CORD, were more salient in Canada' s policy shift in the orphan drug arena. Even though relevant regulatory access may have improved since 1997, stakeholder expectations for what counts as an acceptable threshold for access has changed and/or stakeholders have become more effective in having this recognized by government. A recent paper underscores the influential role that CORD played in Canada' s policy-making process (Embrett 2014) . These factors were beyond the scope of our study, but we believe that CORD' s role, influence and practices merit further study, particularly as Health Canada starts to integrate patients directly into its regulatory review process -a move currently being piloted with two rare disease treatments undergoing review (Health Canada 2014) . While policy making is never just an evidence-based exercise, it is troubling that there is no indication that evidence, whether an updated picture of the number and timing of US-approved orphan drugs granted regulatory approval in Canada, or the growing body of scholarship documenting the trade-offs involved in copying the US' s orphan drug policy, informed Canada' s shift in policy.
